Objectives: For the purpose of evaluation of exhaled NO as an index of airway inflammation, we assessed changes in fractional exhaled NO (FeNO) across a work shift and its relationship with respiratory complaints. Material and Methods: Chronic and work-aggravated respiratory complaints were assessed using a questionnaire in 89 male textile workers. FeNO and spirometry were performed before and after a work shift and all the changes were registered. Results: A significant increase in FeNO after a work shift was observed. Post-shift FeNO was significantly higher among the subjects with chronic respiratory complaints. There was an obvious decrease in FVC, and FEV 1 after a work shift; however, we couldn't find a significant relationship between changes in respiratory parameters and concentration of inhalable dusts. Conclusions: FeNO increase after a work shift along with pulmonary function decrement and higher post-shift FeNO among subjects with respiratory complaints makes across-shift FeNO a non-invasive test for assessment of airway hyper-responsiveness in textile workers.
INTRODUCTION
Textile industry is one of the oldest and largest industries in the world. Over 60 million people all over the world work in the textile or clothing industry [1] . Textile workers are exposed to various kinds of dust. In the case of textile workers, inhalation of cotton dust is associated with respiratory complaints, acute and chronic loss of pulmonary function and airway inflammation [2] . Acute airway response is defined by across-shift decrease in forced expiratory volume in 1 s (FEV 1 ) with or without such respiratory complaints as chest tightness, cough, dyspnea and wheezing [2] [3] [4] [5] . Byssinosis was described as the onset of cough and chest tightness among textile workers in the first days of work along with pulmonary function decrement [6] . Besides, chronic obstruction of airways in workers exposed to cotton dust is more frequent than in general population [7] [8] [9] [10] [11] . Various mechanisms have been proposed as a reason for pulmonary function loss among textile wor kers, and inflammation of airways after inhalation of cotton dust containing endotoxin is one of the oldest proposed mechanisms [12, 13] .
In order to reduce the effect of the first day of week reduction in pulmonary indices, the workers were assessed at least 24 h after their last shift during the week. Concurrently, inhalable dust and respirable dust were evaluated in the plant. Fractional exhaled NO and spirometric parameters were measured before and after a work shift and changes in both tests were then compared. The study was approved by the ethics committee of the Shahid Sadoughi University of Medical Sciences. An informed consent was obtained from all the study participants.
Participants
Of 106 male workers of a spinning factory, working in opening, carding, and doubling units, 17 subjects were excluded from the study (4 due to a recent respiratory infection or inability to perform acceptable spirometry maneuvers, and 13 due to smoking), so finally 89 male, nonsmoking workers were assessed. None of the workers used respiratory protection regularly.
Cumulative dust exposure
Personal exposure to inhalable (aerodynamic diameter of less than 100 μm) and respirable (aerodynamic diameter of less than 4 μm) dust was sampled using IOM (SKC-SP690, UK) and Cassella (APEX, USA) sampling pumps, respectively. Three samplings were performed on each work post and the arithmetic mean was used as the final result.
Respiratory symptoms evaluation
Respiratory complaints were assessed using "modified recommended respiratory disease questionnaires for use with adults and children in epidemiological research" [27] . The workers were asked to answer "yes" or "no" to each question. Information concerning periods of cough, sputum, dyspnea, wheezing and their aggravation during a work shift, documented history of such respiratory diseases as allergic rhinitis, smoking, and occupational history were recorded using the aforementioned questionnaire.
The degree of this inflammation depends on exposure duration, concentration of cotton dust, grade of cotton fibers, and the presence and amount of endotoxin, and other microbial contaminations in cotton dust [14] [15] [16] . For assessment of airway inflammation, non-invasive methods such as Exhaled Breath Condensate (EBC), induced sputum, fractional exhaled nitric oxide (FeNO) can be used, but there is no consensus on the use of these methods for evaluation of occupational respiratory diseases [17] . Many studies have shown an increase in FeNO among subjects with airway hyper-responsiveness [18] [19] [20] [21] [22] , but only few studies have assessed changes of this index for detection of occupational asthma [23] [24] [25] [26] . In a study on potroom workers, Lund et al. have found significantly higher FeNO concentrations than in a control group, and this measure was also higher among those with asthmatic symptoms [23] . In another study, which was conducted for assessment of occupational asthma in health care workers, farmers and bakers, the authors have found a significant increase in FeNO after a specific inhalation test with relevant allergens [24] . Studies have shown an increase in respiratory complaints and decrease in spirometric parameters among cotton workers, but the effect of cotton dust inhalation on acrossshift FeNO changes and its relationship with respiratory complaints is not fully understood. Therefore, in this study we assessed the across-shift changes in FeNO and its relationship with work-related respiratory complaints among cotton textile workers.
MATERIAL AND METHODS

Study design
The study was performed during annual examinations of workers in January, and February 2013 in Yazd, a central province of Iran. The study was conducted in one of the largest textile plants in Yazd. Each day, 5 workers were assessed before and after their work shift (6 a.m. and 2 p.m.).
Statistics
Data were analyzed by the use of IBM SPSS Statistics 19 (IBM Corp., North Castle, NY, Windows). Assessment of the frequency of data was performed using descriptive statistics. Kolmogorov-Smirnov test was used to test the normality of data. Continuous quantitative data were analyzed using the Student's T test and mean respiratory parameters before and after a work shift were compared using the paired T test. The frequency of respiratory complaints among different work posts was compared using the Chi 2 test. Pearson's correlation test was used to assess association between dust concentration and changes in pulmonary function parameters and correlation between changes in FeNO and pulmonary function parameters.
RESULTS
Characteristics of participants
Demographic information about the subjects is presented in Table 1 . All the participants were males, aged 18-52 with work experience of 2-300 months. Among all, 8 subjects (8.9%) had a positive history of documented respiratory diseases. Concentration of dust in all parts of the spinning unit was higher than the permissible exposure limit presented by occupational safety and health association [31] . The
Smokers were assessed by pack/years of smoking (i.e., the number of cigarettes smoked per day divided by 20 and multiplied by years of smoking). Those who smoked at least 0.5 pack-years were considered as smokers and were excluded from the study. Questionnaires were filled by an occupational medicine resident.
FeNO measurement
FeNO was measured before spirometry, by a different person in all non-smokers using a portable electrochemistrybased device (NObreath®, Bedfont Scientific Ltd., UK).
All tests were performed according to the guidelines of American Thoracic Society/European Respiratory Society (ATS/ERS) [28, 29] . Results were reported in part per billion (ppb). The subjects were asked to perform expiration in a sitting position, for 10 s with a constant flow (50 ml/s) and pressure (10 cm H 2 O). The situation was controlled automatically by the device. Measurements were repeated until we obtained at least 2 acceptable maneuvers with 4 ppb difference in FeNO at most. The mean of the 2 tests was reported as the final result. The measurements were repeated after the work shift (8 h). The subjects were asked to avoid large meals and heavy exercise such as stair climbing and heavy lifting 1 h before the test.
Lung function assessment
Spirometry was performed before and after a work shift by spirolab III (MIR, Italy). Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), peak expiratory flow (PEF), and forced expiratory flow between 25% to 75% of FVC (FEF 25-75% ), were measured in accordance with ATS/ERS guidelines [30] . All the tests were performed under standardized conditions at body temperature and ambient pressure saturated with water vapor, with the subject in a sitting position and using a nose clip.
All the subjects performed spirometry under the same conditions. The highest of the 3 technically acceptable recordings was used. 3 ) dust was observed in the opening unit, and the difference in the concentration among different parts of the plant was significant (p < 0.001).
Chronic and work-related respiratory symptoms
Among 89 subjects, 23 (25.8%) suffered from chronic respiratory symptoms and 17 (19.1%) complained of aggravation of their respiratory symptoms during their work shift. Among those 17, one subject with asthma was previously diagnosed. We couldn't find a statistically significant relationship between concentration of dust and work-aggravated respiratory complaints (p = 0.145 and p = 0.283, for inhalable dust and respirable dust, respectively). Frequency of work aggravated respiratory complaints was not significantly different among various work posts (p = 0.167). There was a significant relationship between work experience of more than 15 years and the frequency of subjects with work-aggravated respiratory complaints (p = 0.045). Table 2 shows concentration of dust and the frequency of respiratory complaints with respect to the work post.
FeNO
The mean FeNO was significantly increased after a work shift (7.69 ppb before and 10.65 after, p < 0.001). Mean post-shift FeNO among the subjects with respiratory is probably a non-invasive index of airway inflammation, which is consistent with the results of the study conducted by Sandstorm et al [34] . In the study on sewage workers, FeNO was not significantly higher in the exposed subjects than it was in the control group, although their sample size was too small [35] . Baur et al. in the study on health care workers (HCWs), have assessed change in FeNO after exposure to latex. One hour after exposure to latex, FeNO was significantly increased in both sensitized and nonsensitized subjects, but after 24 h this increase remained only in the sensitized subjects. This study has proposed assessment of across-shift changes of FeNO as a screening test in HCWs [36] .
The across-shift increase in FeNO following exposure to cotton dust was consistent with the results of a study on coffee-curing workers. The authors have found that mean FeNO was significantly higher in the workers exposed to coffee dust. In this study the relationship between concentration of dust and FeNO was not evaluated [37] . In another study on the workers of a coffee factory, the relationship between respiratory complaints and concentration of dust was evaluated in addition to the measurement of dust and endotoxin concentrations [38] . The study has failed to show a significant difference between the case and control groups, although coffee workers had more respiratory complaints than the control subjects. In this study, cumulative exposure to endotoxin was significantly related to a decrease in spirometric parameters, but in the current study we couldn't find a significant relationship between concentration of cotton dust and across-shift changes in pulmonary function.
To the best of our knowledge, this was the 1st study on FeNO before and after a work shift in textile industry.
Considering the large number of textile industries in the world and frequent respiratory complaints in textile workers, the result of this study may help diagnose respiratory diseases at an early stage.
DISCUSSION
Increased FeNO and decreased spirometric parameters in textile workers after a work shift show a probable inflammation of airways after exposure to organic cotton dust. Although pre-shift FeNO was not significantly different between the subjects with and without respiratory complaints, post-shift FeNO among the workers with work-aggravated respiratory complaints was significantly higher than among those without such complaints. Additionally, the study showed a relationship between work experience and the frequency of work-aggravated respiratory complaints, but there wasn't a relationship between concentration of cotton dust and changes in pulmonary function tests. We couldn't find a significant relationship between changes of mean FeNO and spirometric parameters. The observed change in FEV 1 , FVC and FEF 25-75% parameters was consistent with the study conducted by Mandryk et al. [32] , which was carried out among Australian wood workers. The authors have reported significant decreases in FEV 1 but also significant decreases in FEV 1 /FVC, FEF 25-75% and PEF among woodworkers after exposure to wood dust, which was also higher than in the control group [32] . Acute response after exposure to cotton dust was also assessed by Sepulveda et al. They have found that exposure to cotton dust significantly decreased spirometric parameters, especially in atopic subjects [33] . Sandstrom et al. have compared cellular profile and fibronectin of bronchoalveolar lavage fluid among healthy individuals before and after inhalation of lipopolysaccharide. They have proposed that significant increase of neutrophils, lymphocytes and fibronectin after inhalation of LPS supports the possible role of bacterial endotoxin in airway inflammation and pulmonary function decrement due to exposure to organic dust in such occupations as cotton mill workers. Pulmonary function decrement in the current study along with the increased FeNO after a work shift hyper-responsiveness among workers with occupational respiratory exposures. Nevertheless, other studies with inclusion of a control group are needed to prove this hypothesis.
Our study had some limitations
There exists a probable circadian rhythm of FeNO production. We measured FeNO at 6 a.m. and 2 p.m., so circadian changes may have affected the observed changes. Some studies have shown these circadian changes [39] , although some others, such as Antosova et al., have shown that FeNO levels are similar at 6 a.m. and 2 p.m. So this circadian rhythm seems to have had a minimal effect in our study [40] [41] [42] . We didn't assess the history of atopy in our subjects. Atopy as a confounding factor, can affect the results of FeNO [43] . We had to assess only 5 workers in each shift in order not to interfere with the production of the plant, so some changes in respiratory exposures of the workers during the study period is possible. This may have affected the relationship between spirometric parameters and concentration of dust. We couldn't measure the level of endotoxin and few numbers of dust measurements were performed.
The main limitation of our study is the lack of a control group -we couldn't compare FeNO between the individuals with and without exposure to cotton dust. But due to the cross-shift design of our study each person acts as their own control. This design helps to minimize the influence of other confounding factors of FeNO such as age, sex, food, etc. This study originated from a residency thesis in occupational medicine in Shahid Sadoughi University of medical sciences.
CONCLUSION
Considering the significant across-shift changes in FeNO among textile workers along with pulmonary function loss and the higher level of post-shift FeNO in the workers with work aggravated respiratory complaints in the current study, it is possible to consider the across-shift FeNO as a non-invasive method for evaluation of airway
